The production of superheavy Λ * cc (4209) baryon in the K − p → ηcΛ process via s-channel is investigated with an effective Lagrangian approach and the isobar model. Moreover, the t-channel with K * and u-channel with nucleon exchange are also considered, which are regarded as the background for the Λ * cc (4209) production in the K − p → ηcΛ reaction. The numerical results indicate it is feasible to searching for the superheavy Λ * cc (4209) via K − p scattering. These theoretical results not only provide valuable informations to future experimental exploration of Λ * cc (4209) resonance but enable us to have a better understanding of the exotic baryons.
I. INTRODUCTION
At present, searching and explaining the exotic states, which are cannot be included in the conventional picture offor baryons andfor mesons, have becoming a very interesting issue in hadron physics. These exotic states are allowed to exist in the particle family when taking into account the color and flavor degrees of freedom in quark models.
With the development of related experiments, a series of charmoniumlike and bottomoniumlike mesons (which were named as XYZ states) have been observed [1, 2] . Since these XYZ mesons definitely cannot be accommodated into the frame of conventional charmonium cc states, they are considered as the most promising candidate of the exotic states. Theoretically, abundant investigation were carried out on the nature and production mechanism of XYZ states [1] [2] [3] [4] . These XYZ states are interpreted as a tetraquark, a hadron molecule or just a cusp effect, etc [1, 2] .
In addition, the scientific study of multiquark baryons was already in full swing. In the early 1980s, Brodsky et al. proposed that there exist a few non-negligible intrinsic uudcc components (∼ 1%) in the proton [5] . Later, an new measurement about parity-violating electron scattering (PVES) at JLab provides a direct evidence for the existence of the multiquark components in the proton [6] . Moreover, in order to explain the phenomenon that the strong coupling of N * (1535) to the final states with strangeness and the mass order between N * (1535) and Λ * (1405) [7, 8] , the pentaquark picture was proposed by theorists [8] [9] [10] , which makes that the hidden strange N * (1535) with |uudss is naturally heavier than the open strange Λ * (1405) with |udsqq . However, due to tunable ingredients and possible large mixing of various configurations, none of them can be clearly distinguished from the conventionalorstates. A hopeful solution for * Corresponding author: xywang@impcas.ac.cn this problem is to extend pentaquark to hidden charm and hidden beauty for baryons.
In refs. [11] [12] [13] , within the framework of the coupledchannel unitary approach with the local hidden gauge formalism, several narrow hidden charm N * cc and Λ * cc resonances were predicted with mass above 4 GeV and width smaller than 100 MeV. Soon after, some hidden beauty N * bb and Λ * bb baryons were also proposed in ref. [14] . These predicted baryons are dynamically generated in the P B and V B channels, where P and V stand for the pseudoscalar and vector mesons, respectively [11] [12] [13] [14] . It should be noted that it will be very important to determine these hidden charm and hidden beauty baryons in experiment since these predicted baryons definitely cannot be described as conventionalstates. In these predicted baryons, the production of N * (4261) resonance by π − p collision has been studied in our previous work [15] . Besides, one find that the hidden charm Λ * cc (4209) and hidden beauty Λ * bb (11021) baryons all have a large coupling withKN (the detailed informations about these two resonances are listed in the table I), which mean that searching for these superheavy baryons via K − p scattering will be feasible and effective. Considering the situation of J-PARC, with a maximum K beam of 20 GeV/c one has the center of mass energy W ≃ 6218 MeV, which allows one to observe the Λ * cc (4209) but not for the Λ * bb (11021) states.
In this work, with an effective Lagrangian approach and isobar model, we study the role and production of Λ * cc (4209) in the K − p → η c Λ process. Moreover, the feasibility of searching for the superheavy Λ * cc (4209) resonance is also discussed. It is shown that the J-PARC [16] will be an ideal platform for searching for the superheavy Λ * cc (4209) baryon, which will hopefully confirm our numerical predictions for Λ * cc (4209) production. This paper is organized as follows. After an Introduction, we will present the formalism and the main ingredients which are used in our calculation. The numerical results and discussions are given in Sec. III. Finally, the paper ends with a brief summary. [11] [12] [13] [14] . M , Γ and Γi stand for the mass, total width, and partial decay width, respectively. In this work, an effective Lagrangian approach and isobar model in terms of hadrons are used in our research, which is an important theoretical method in investigating various processes in the resonance region. Fig. 1(a) describes the basic tree level Feynman diagrams for the production of Λ *
The background contributions are mainly from the t-channel K * meson exchange and u-channel proton exchange, as depicted in Fig. 1(b) .
Since the spin-parity (J P ) quantum number of Λ * cc (4209) was determined to be -13] , for the intermediate Λ * cc (4209) (Λ * for short) resonance contribution in the s channel, we take the normally used effective Lagrangians for KN Λ * and η c ΛΛ * couplings as [17, 18] ,
The coupling constant g KN Λ * and g ηcΛΛ * are determined by the partial decay widths of Λ * cc (4209),
with
where λ is the Källen function with λ(x, y, z) = (x − y − z) 2 − 4yz. Using the predicted partial decay widths of Λ * cc (4209) [11, 12] as listed in Table I , one gets g KN Λ * = 0.369 GeV −1 and g ηcΛΛ * = 0.557 GeV −1 . For the t-channel K * meson exchange, the effective Lagrangian for the K * Kη c coupling is
where the isospin structure for K * Kη c isK * K η c with
With the partial decay width Γ ηc→K * K < 32.2 × 1.28% (MeV) [7] , one obtains the upper limit of constant coupling:
where the values of g K * N Λ and κ K * N Λ were given in many theoretical works. In refs. [19, 20] , two sets of these coupling constants are obtained by the potential model, namely,
Besides, one notice that the experiment datas for the K − p → π 0 Λ process were produced very well by taking
.33 in ref. [21] . In this work, we take g K * N Λ = −6.11 and κ K * N Λ = 1.85 in order to obtain a more accurate estimates. For the u-channel nucleon exchange, the effective Lagrangians for KN Λ and η c N N couplings are
where g KN Λ = −13.24 are estimated from flavor SU(3) symmetry relations [21] [22] [23] . The coupling constant g ηcN N is determined from the partial decay widths of η c ,
where | p c.m. | is three momentum of nucleon in the rest frame of η c meson. With Γ ηc→pp = 49.1 keV [7] , one obtain g ηcN N = 3.26 × 10 −2 GeV −1 . Considering the internal structure of hadrons, a form factor is introduced to describe the possible off-shell effects in the amplitudes. For s and u channels, we adopt the following form factors as used in refs. [18, 21, [24] [25] [26] ,
while for the t-channel, we take
where q ex and M ex are the four-momenta and the mass of the exchanged hadron, respectively. The values of cutoff parameters Λ (Λ s , Λ u and Λ t ) will be discussed in the next section. For the propagators with four-momenta q ex , we adopt the Breit-Wigner form [18, 27] 
for the superheavy baryon Λ * cc (4209), where Γ Λ * is the total decay width of Λ * cc (4209) state. For the K * in the t-channel, we take the propagator as
where µ and ν denote the polarization indices of vector meson K * . For the nucleon propagator, we take
With Fig. 1 can be constructed as,
where i denotes the s-, t-, or u-channel process that contribute to the total amplitude, while u r2 (p 4 ) and u r1 (p 2 ) are the spinors of the outgoing Λ baryon and the initial proton, respectively. We define s = (p 1 + p 2 ) 2 ≡ W 2 , then the unpolarized differential cross section for the K − p → η c Λ reaction at the center of mass (c.m.) frame is given by are the three-momenta of initial K − and final η c , respectively. Therefore, the total invariant scattering amplitude M is written as,
It is important to note that in phenomenological approaches, the relative phases between different amplitudes are not fixed. Since we do not now have experimental data, and we will see in the following that the magnitudes of signal and background contributions in the energy region that we considered are much different, the effect of the interference term should be small, thus we take all the relative phases as zero in the present work.
III. RESULTS AND DISCUSSION
As shown in the previous section, we consider the schannel with intermediate Λ * cc (4209) resonance, which is regarded as the main source of the signal of the superheavy Λ * cc (4209) baryon. Besides, the t-channel with K * exchange and the u-channel with nucleon exchange which are considered as the background for the production of Λ * cc (4209) state are also studied. Since the cutoff parameter Λ related to the form factor is the only free parameter, thus we first need to give a constraint on the value of Λ.
From fig. 2 one notice that the cross section from the signal contributions is not sensitive to the values of cutoff Λ s , especially at the center of mass energy W ≃ 4.2 GeV, which is due to the fact that the form factor for Λ * cc (4209) is close to 1 with the invariant mass W around 4.2 GeV in the present calculation. Thus we constrain the cutoff to be Λ s = 2.0 GeV as used in ref [18] , which will be used as an input in the following calculations. The total cross section for the K − p → ηcΛ process. Here, the σ T otal is the total cross section, while σΛ * , σK * and σN stand for the cross section come from the Λ * cc (4209), K * and nucleon exchange, respectively. Fig. 3 (a) present the variation of cross section from the background contributions for K − p → η c Λ reaction with five typical Λ t/u values (namely, Λ t = Λ u = 1.0, 1.5, 2.0, 3.0, 3.5 GeV). It is seen that the cross section of background reach up to its maximum value when taking Λ t/u = 3.0 GeV, while the cross section of background began to get lower when taking Λ t/u = 3.5 GeV. In the spirit of seeking a larger limit for the cross section of the background, we take Λ t/u = 3.0 GeV in our estimation, which may ensure a reliable estimation on whether the signal of Λ * cc (4209) can be distinguished from the background. Moreover, fig. 3(b) show that the t-channel with K * exchange play dominant role in the background production and the contributions from u-channel with nucleon exchange is very small. Fig. 4 present the total cross section for K − p → η c Λ reaction including both signal and background contributions by taking Λ s = 2.0 GeV and Λ t = Λ u = 3.0 GeV. One notice that the line shape of the total cross section goes up very rapidly and has a peak around W ≃ 4.2 GeV. In this energy region, the cross section from the intermediate Λ * cc (4209) exchange is two order larger than that from the background related to the K * and nucleon exchange, which indicate that the signal can be clearly distinguished from the background. Accordingly, we conclude that W ≃ 4.2 GeV is the best energy window of searching for the Λ * cc (4209) baryon via K − p collision. Considering the final state η c is a resonance and usually detected by its decay modes (such as KKπ et al.), it is important to give an estimation about the ratio of
As presented in fig. 4 , the cross section of Λ * cc (4209) is on the order of 110 µb around center of mass energy W ≃ 4.2 GeV. Using the branching ratio BR(η c → KKπ) = 7.3%, we obtain the cross section σ(π − p → η c Λ → KKπΛ) ≃ 8 µb at W ≃ 4.2 GeV. For the total cross section of the K − p → KKπΛ process, several experiment datas are available [28] , which are listed in table II.
In K − p system, center of mass energy W ≃ 4.2 GeV corresponds to K beam momentum of P lab ≃ 8.8 GeV. Thus we estimate that the total cross section of K − p → KKπΛ is on the order of 40 ∼ 80 µb at P lab ≃ 8.8 GeV. Accordingly, we get the ratio at W ≃ 4.2 GeV as follows,
As mentioned above, the J-PARC facility is an idea platform searching for the predicted Λ * cc (4209) baryon via K − p scattering [16] . Assuming the acceptance of K − p → KKπΛ reaction at J-PARC is about 50% [16] , one can expect about 4 × 10 5 ∼ 8 × 10 5 events per day for the production of KKπΛ at W ≃ 4.2 GeV, in which about 8×10
4 events per day are related to the Λ * cc (4209).
We also present the differential cross section for K − p → η c Λ reaction including both signal and background contributions at different energy, as shown in fig.  5 . It is seen that the differential cross section of background are sensitive to the θ angle and gives a considerable contribution at forward angles. Besides, one notice that the shapes of the s-channel Λ * cc (4209) and the background are much different, which can be tested in future experiment.
IV. SUMMARY
Within the frame of the effective Lagrangian approach and isobar model, the production of superheavy Λ * cc (4209) baryon in the K − p → η c Λ process via schannel is investigated. Moreover, the t-channel with K * and u-channel with nucleon exchange are also considered, which are regarded as the background for the Λ * (ii) The t-channel with K * exchange play dominant role in the background production and the contributions from u-channel with nucleon exchange is very small. Besides, the differential cross section of background are sensitive to the θ angle and gives a considerable contribution at forward angles.
(iii) In the best energy window of W ≃ 4.2 GeV, the signal can be clearly distinguished from the background, while there will be a sizable number of events related to the Λ * cc (4209) produced at J-PARC facility.
To sum up, we suggest that this experiment be carried out at J-PARC, which not only helps in testing the existence of the Λ * cc (4209) baryon but also provides important information for better understanding of the production mechanism of the exotic baryons. 
